What is claimed is: 



10 



A phase comparator, comprising: 

a phase detector having a first input for receiving a first signal, a second input 
for receiving a second signal, and an output for providing an error signal 
indicative of a phase relationship between the first signal and the second 
signal; 

a digital counter having a first input for receiving the error signal, a second input 
for receiving a sampling clock signal, and an output for providing a count 
alue; and 

a digital-tsp-analog converter having an input for receiving the count value and an 
output for providing an error voltage signal. 
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The phase comparator of claim 1, wherein the phase detector is a two-state phase 
detector and wherein the error signal has a first logic state indicative of a phase 
error between theVfirst signal and the second signal. 



20 



3. The phase comparator of claim 2, wherein the two-state phase detector is an 
XOR logic gate. 

4. The phase comparator ofclaim 2, wherein the two-state phase detector is a 
two-state sequential phase Metector. 



5. The phase comparator of clain^ 1, wherein the phase detector is a three-state 
25 phase detector and wherein the\?rror signal has a first output indicative of phase 

lead between the first signal and me second signal, and a second output 
indicative of phase lag between theyfirst signal and the second signal. 
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The phase comparator of claim 1, wherein the sampling clock signal has a 
frequency that is substantially matched to a resolution of the digital-to-analog 
converter. 

7. \ The phase comparator of claim 1, wherein the sampling clock signal has a 

^frequency that is within 10% of a target frequency, wherein the target frequency 
rfe substantially matched to a resolution of the digital-to-analog converter. 



8. Tha phase comparator of claim 1, wherein the sampling clock signal has a 

1 0 frequency that is substantially matched to a resolution of the digital counter. 

9. The phase comparator of claim 1 , wherein the digital counter has a resolution 
that matches or exceeds a resolution of the digital-to-analog converter. 

15 10. A phase locked loop, comprising: 
a phase comparator, comprising: 

a phasfe detector having a first input for receiving a first reference clock 
\ignal, a second input for receiving a feedback signal, and an 
output for providing an error signal; 
20 a digital counter having a first input for receiving the error signal, a 

second input for receiving a sampling clock signal, and an output 
for providing a count value; and 
a digital-to-analog converter having an input for receiving the count 
value ana an output for providing an error voltage signal; 
25 a filter having an input for receiving the error voltage signal and an output for 

providing a control woltage signal; and 
a voltage-controlled oscillator having an input for receiving the control voltage 
signal and an output fo\ providing an output signal, wherein the feedback 
signal is derived from thet output signal. 
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The phase locked loop of claim 10, wherein the phase detector is a two-state 
phase detector. 



5 12, ishe phase locked loop of claim 1 1, wherein the two-state phase detector is an 
XOR logic gate. 



10 
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13. The phase locked loop of claim 1 1, wherein the two-state phase detector is a 
two-state\equential phase detector. 

14. The phase locked loop of claim 10, wherein the phase detector is a three-state 
phase/frequenA phase detector. 



15. The phase locked loop of claim 10, wherein the sampling clock signal has a 
frequency that is substantially matched to a resolution of the digital-to-analog 
converter. 



16. The phase locked loop of claim 10, wherein the sampling clock signal has a 

frequency that is within 10%\pf a target frequency, wherein the target frequency 
is substantially matched to a resolution of the digital-to-analog converter. 



17. The phase locked loop of claim 10\ wherein the sampling clock signal has a 
frequency that is substantially matcnted to a resolution of the digital counter. 

25 1 8. The phase locked loop of claim 10 wherbin the digital counter has a resolution 
that matches or exceeds a resolution of theydigital-to-analog converter. 



19. The phase locked loop of claim 10 wherein th\filter further comprises an active 
filter. 
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20. \ The phase locked loop of claim 10 wherein the voltage-controlled oscillator is a 
^voltage-controlled crystal oscillator. 



5 21 . Th&phase locked loop of claim 1 0 wherein the feedback signal is the output 
signal\)f the voltage-controlled oscillator. 

22., The phase\jocked loop of claim 10 further comprising a frequency divider 

coupled betVeen the output of the voltage-controlled oscillator and the second 
10 input of the phase detector, wherein the frequency divider comprises a 

divide-by-N bl^ck and wherein a target frequency of the output signal of the 
voltage-controlled oscillator is approximately N times a frequency of the first 
reference clock signal. 

15 23. The phase locked loopW claim 10 further comprising: 

a frequency divider havmg an input for receiving a second reference clock signal 
and an output for providing the first reference clock signal as a selected 
fraction of the second reference clock signal. 

20 24. The phase locked loop of claim 23, wherein the frequency divider comprises a 
divide-by-two block, thereby producing a first reference clock signal having a 
50% duty cycle and a frequency oY approximately one-half of a frequency of the 
second reference clock signal. 

25 25. A shelf controller for controlling synchronization of shelf elements in a 
communications network element, the If controller comprising: 
a processor; and \ 

a timing circuit coupled to the processor, wnerein the timing circuit comprises: 
a phase locked loop, comprising: 
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phase comparator, comprising: 

a phase detector having a first input for receiving a 

reference clock signal, a second input for receiving 
a feedback signal, and an output for providing an 
error signal; 

a digital counter having a first input for receiving the error 
signal, a second input for receiving a sampling 
clock signal from the processor, and an output for 
providing a count value; and 
10 a digital -to-analog converter having an input for receiving 

the count value and an output for providing an 
\ error voltage signal; 

i H a filter having an input for receiving the error voltage signal and 

nj an output for providing a control voltage signal; and 

^ 1 5 a voltage-contr\lled oscillator having an input for receiving the 

control voltage signal and an output for providing a 
,13 synchronization timing signal for the synchronization of 

| ra the shelf elements, wherein the feedback signal is derived 

□ from the output of the voltage-controlled oscillator. 

U 20 \ 

26. A method of generating a timing signal, comprising: 

generating an error signal indicative of a phase relationship between a reference 

clock signal and a feedback signal; 
generating a count value indicative of an amount of phase error during a single 
25 event; \ 

generating an error voltage signal proportional to the count value; 
filtering the error voltage signal to produce a control voltage signal; 
generating the timing signal in response to the control voltage signal; and 
deriving the feedback signal from the timing signal. 
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The method of claim 26, wherein generating an error signal comprises 
generating an error signal with a two-state phase detector and wherein the single 
event comprises a single period of the error signal. 
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method of claim 27, wherein generating a count value comprises 
incrementing a digital counter in response to a sampling clock signal during a 
time when the error signal has a first logic state and wherein generating an error 
voltageNpccurs at a time when the error signal transitions from the first logic 
state to a^second logic state. 



29. The method of claim 26, wherein generating the timing signal comprises 
applying the control voltage to a voltage-controlled oscillator. 

15 30. The method of claim 26, wherein deriving the feedback signal from the timing 
signal comprises dividing the feedback signal by a selected factor N, wherein the 
timing signal has a tabget frequency of approximately N times a frequency of the 
reference clock signal.' 



20 31. 
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A method of generating a timing signal, comprising: 

generating an error signal indicative of a phase relationship between a reference 
clock signal and a feedback signal, wherein the error signal has a first 
logic state indicative of phase error between the reference clock signal 
and the feedback signal and a second logic state indicative of the 
reference clock signal and the feedback signal sharing the same phase 
state; \ 

generating a count value indicative of an amount of phase error during a single 
period of the error signal; 

generating an error voltage signal proportional to the count value; 
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Altering the error voltage signal to produce a control voltage signal; 
generating the timing signal in response to the control voltage signal; and 
deriving the feedback signal from the timing signal. 

32. A network element for a communications network, the network element 
comprising: 
a shelf backplane; and 
a plurality of srjelf elements coupled to the shelf backplane, wherein the plurality 

of shelf Elements includes at least one shelf controller for controlling 

synchronization of the plurality of shelf elements, the at least one shelf 

controller comprising: 

a processor; and 

a timing circuit coupled to the processor, wherein the timing circuit 
comprises?* 

a phase locked loop, comprising: 

a phases comparator, comprising: 

a^phase detector having a first input for receiving a 
reference clock signal, a second input for 
receiving a feedback signal, and an output 
for providing an error signal; 
a digital cbunter having a first input for receiving 
the error signal, a second input for 
receiving a sampling clock signal from the 
processor, and an output for providing a 
count value; and 
a digital-to-analog converter having an input for 
receiving the count value and an output for 
providing an errV voltage signal; 
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^filter having an input for receiving the error voltage 
signal and an output for providing a control 
voltage signal; and 
a voltage-controlled oscillator having an input for 

Receiving the control voltage signal and an output; 
wherein the timing circuit provides a synchronization timing signal to the shelf 
backplane for the synchronization of the plurality of shelf elements; and 
wherein the synchronization timing signal is derived from the output of the 
voltage-controlled oscillatorA 



33. A phase locked loop, comprising: 

a first frequency divider having an inpu\ for receiving a first reference clock 

signal and an output for providing a second reference clock signal; 
a phase comparator, comprising: 
1 5 a two-state phase detector having a first input for receiving the second 

reference clock signal, a second input for receiving a feedback 
signal, and an output for providing an error signal indicative of a 
phase relationship between the second reference clock signal and 
the feedback signal; \ 
20 a digital counter having a first input for receiving the error signal, a 

second input for receiving a samplmg clock signal, and an output 
for providing a count value, wherein the count value is indicative 
of an amount of phase error during a\single period of the error 
signal; and \ 
25 a digital-to-analog converter having an input for receiving the count 

value and an output for providing an error voltage signal 
proportional to the count value; \ 
an active filter having an input for receiving the error voltage signal and an 

output for providing a control voltage signal, wherein the control voltage 
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signal is representative of an average value of the error voltage signal 
iuring a period of time; 
a voltageVcontrolled oscillator having an input for receiving the control voltage 
signal and an output for providing an output signal, wherein the output 
sigital is an oscillating signal proportional to the control voltage signal; 
and 

a second frequency divider having an input for receiving the output signal and an 
output tor providing the feedback signal, wherein the feedback signal has 
a frequency approaching a frequency of the second reference clock 
signal. 



34. The phase locked \oop of claim 33, wherein the two-state phase detector is an 
XOR logic gate. 

15 35. The phase locked lodp of claim 33, wherein the two-state phase detector is a 
two-state sequential pnase detector. 



20 



36. The phase locked loop of claim 33, wherein the sampling clock signal has a 
frequency that is substantially matched to a resolution of the digital-to-analog 
converter. 



37. The phase locked loop of claim 33, wherein the voltage-controlled oscillator is a 
voltage-controlled crystal oscillator. 



25 38. The phase locked loop of claim 33, wherein the first frequency divider 

comprises a divide-by-two block,Vhereby producing the second reference clock 
signal having a 50% duty cycle ana a frequency of approximately one-half of a 
frequency of the first reference clocla signal. 
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The phase locked loop of claim 38, wherein the output signal of the 
voltage-controlled oscillator has a frequency that is a selected multiple N of the 
frequency of the first reference clock signal, and wherein the second frequency 
divider comprises a divide-by-N block followed by a divide-by-two block, 
thWby producing the feedback signal having a 50% duty cycle and a frequency 
approaching the frequency of the second reference clock signal. 

A method of generating a timing signal, comprising: 

frequency dividing a first reference clock signal by a factor of two, thereby 

producing a second reference clock signal having a duty cycle of 

approximately 50% and a frequency of approximately one-half a 

frequency of the first reference clock signal; 
generating an error signal indicative of a phase relationship between the second 

reference, clock signal and a feedback signal using a two-state phase 

detector; \ 

generating a count Value indicative of an amount of phase error during a single 
period of the\error signal by incrementing a digital counter in response to 
a sampling clock signal during a time when the error signal has a first 
logic state; \ 

passing the count value to a digital-to-analog converter at a time when the error 

signal transitions from the first logic state to a second logic state; 
resetting the digital countento a selected initial value subsequent to passing the 

count value; \ 
generating an error voltage signal proportional to the count value using the 

digital-to-analog converter; 
filtering the error voltage signal u\ing an active filter to produce a control 

voltage signal representative of an amplified average error voltage signal; 
supplying the control voltage signal to a voltage-controlled oscillator to generate 

the timing signal; and \ 
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frequency dividing the timing signal to derive the feedback signal. 

41 . The method of claim 40, wherein frequency dividing the timing signal comprises 
first dividing the timing signal by a selected factor N, wherein the timing signal 
has a target frequency of approximately N times a frequency of the first 
reference clock signal, then dividing the resulting signal by a factor of two, 
thereby producing a feedback signal having a duty cycle of approximately 50% 
and a frequency approaching the frequency of the second reference clock signal. 



10 42. A shelf controller for controlling synchronization of shelf elements in a 
communications network element, the shelf controller comprising: 

Q 

tfl a processor; and 

m 

i q a timing circuit coupled to the processor, wherein the timing circuit comprises: 

]H a first phase locked loop, comprising: 

IxJ 15 a phase comparator, comprising: 

iff \ 

a pl\ase detector having a first input for receiving a first 

reference clock signal, a second input for receiving 
feedback signal, and an output for providing an 
q eVror signal; 

20 a digital counter having a first input for receiving the error 

signal, a second input for receiving a sampling 
clock signal from the processor, and an output for 
providing a count value; and 
a digital -to-analog converter having an input for receiving 
25 the count ^lue and an output for providing an 

error voltage\signal; 
a filter having an input for receiving the error voltage signal and 
an output for providing V control voltage signal; and 



|S=3 

f c 
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^ VX^^ ^ voltage-controlled oscillator having an input for receiving the 

control voltage signal and an output for providing a 
second reference clock signal, wherein the feedback signal 
is derived from the second reference clock signal; and 
a second phask locked loop having an input for receiving the second 
reference clock signal and an output for providing a 
synchronization timing signal for the synchronization of the shelf 
elements, wherein the synchronization timing signal is derived 
from the seopnd reference clock signal. 

10 

43. A method of generating a timW signal, comprising: 
generating an error signal indicative of a phase relationship between a reference 

clock signal and a feedback signal using a three-state phase detector, 
wherein the error signal includes an up output and a down output; 
15 generating a count value indicative\of an amount of phase error during a single 

event, wherein the single event is a period between a rising edge of the 
reference clock signal and a i^xt rising edge of the feedback signal when 
the up output is indicative of phase lead between the reference clock 
signal and the feedback signal aJad wherein the single event is a period 
20 between a rising edge of the feedback signal and a next rising edge of the 

reference clock signal when the down output is indicative of phase lag 
between the reference clock signal and the feedback signal; 
generating an error voltage signal proportional to the count value; 
filtering the error voltage signal to produce aVontrol voltage signal; 
25 generating the timing signal in response to the Vontrol voltage signal; and 

deriving the feedback signal from the timing signal. 

44. The method of claim 43, wherein generating a count value indicative of an 
amount of phase error further comprises setting a digital counter to an initial 
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ilue and incrementing the digital counter in response to a sampling clock signal 
duWg the single event when the up output is indicative of phase lead between 
the reference clock signal and the feedback signal and setting the digital counter 
to the initial value and decrementing the digital counter in response to the 
sampling clock signal during the single event when the down output is indicative 
of phase lag between the reference clock signal and the feedback signal. 



45. A network elqnent for a communications network, the network element 
comprising: 
1 0 a shelf backplan& and 

a plurality of sheli\elements coupled to the shelf backplane, wherein the plurality 
of shelf elements includes at least one shelf controller for controlling 
synchronization of the plurality of shelf elements, the at least one shelf 
controller comprising: 
15 a processor; and * 

a timing circuit coupled to the processor, wherein the timing circuit 
comprises: 

a framer having an input for receiving recovered clock and data 
signals of a communication signal and an output for 
20 providing >a first reference clock signal; 

a first phase lockecMoop, comprising: 

a phase comparator, comprising: 

a phase\letector having a first input for receiving 
first reference clock signal, a second 
25 input for receiving a feedback signal, and 

an ourput for providing an error signal; 
a digital countet having a first input for receiving 
the error signal, a second input for 
receiving Sampling clock signal from the 
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rocessor, and an output for providing a 
count value; and 
a digital-to\analog converter having an input for 
receiving the count value and an output for 
5 providing an error voltage signal; 

a filter having an input for receiving the error voltage 
signal and an output for providing a control 
voltage signal; and 
a voltage-controlled oscillator having an input for 
10 receiving the control voltage signal and an output 

for providing a second reference clock signal, 
wherein the feedback signal is derived from the 
second reference clock signal; and 
a second phase locked loop having an input for receiving the 
15 second reference clock signalland an output for providing 

a synchronization timing signal to the shelf backplane for 
the synchronization of the plurality of shelf elements, 
wherein the synchronization timing signal is derived from 
the second reference clock signal. 

20 
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